Correlation of a simple direct measurement of muscle pO(2) to a clinical ischemia index and histology in a rat model of chronic severe hindlimb ischemia.
The lack of suitable experimental models of chronic severe limb ischemia and deficiencies in the available methods that allow for direct intermittent measurement of regional limb perfusion are obstacles to the evaluation of recently developed molecular strategies to reverse severe limb ischemia. Our aim was to develop a model of clinically relevant severe limb ischemia and correlate a simple direct measurement of muscle pO(2) to a clinical ischemia index, muscle mass, and capillary density. Severe hindlimb ischemia was induced in 44 adult rats with ligation of the left common iliac artery, the femoral artery, and their branches. The effect of ischemia on muscle pO(2) was measured in the left gastrocnemius with room air and with 100% oxygen at 3, 10, 24, and 40 days after ischemia was induced. Clinical ischemia index, muscle mass, cellular proliferation, and capillary density also were assessed. The clinical ischemia index of the left limb was most severe at day 10, with evidence of pressure sores, a pale and dusky limb, and abnormal gait. With the rats breathing room air, muscle pO(2) was significantly lower in the left limbs than in the right limbs at days 3, 10, 24, and 40. After an oxygen challenge (100% O(2)), muscle pO(2) was significantly lower at 3, 10, and 40 days. At 3 days, the fraction of muscle mass per total body weight of the left tibialis anterior (TA) was significantly greater than the right TA as a result of edema and inflammation. By days 10, 24, and 40, the left gastrocnemius and TA masses were significantly less than the right as a result of muscle atrophy. Histopathology showed severe necrosis in the left gastrocnemius and TA on day 3. Inflammation was greatest by day 10. Necrotic muscle regenerated but remained atrophic at 40 days. The TA was slower to recover than the gastrocnemius. Capillary densities and capillary-to-muscle fiber ratios were greater in the ischemic limb than in the normal limb at day 24. Cellular proliferation as determined with bromodeoxyuridine labeling reagent staining was maximal in the ischemic limb at day 3. We have developed a rat model of chronic severe hindlimb ischemia with persistent ischemia as shown with a simple direct measurement of muscle pO(2) for up to 40 days. This model of severe hindlimb ischemia may be applicable for future studies of molecular strategies to treat severe limb ischemia in humans.